A  u  *  ^  1  \  1  ^  v>  w  i  V  1  u  i ' j  1  /-^  j  i  i  ■"  /A  O  C 

rorm  Aoprovea 

:MB  No.  0704~0h38 

- - -  _  .3,,^^ 

.s.v-'-  jearcH!'-':  ^:}t3  SC 

-■  -  .  cen  esttnate  cr  anv  p.-er  asoect  C’  *"  : 

" '  "  -Of?'’ations  ana  t 

■"P  - '"--0  AasninqTOn.  _C  II:C3. 

1.  ■.jciiC:  :i"<;  .  '.  .^£P0RT  ::aTH  .  i.  E PORT  ■“ ' 

=  June  21  ,  1995  *  Final  Report 

0  CA7E5  COVERED 

4/1/91  to  12/31/93 

4.  7.TL5  S'^STiTLE 

,  Surface  Forces  Microbalance  and  Microelectrode 

■:  Measurements  of  Interfacial  Molecular  Structure  and 

F,1  Pr.trnn-Tr;:inq_f_Rr  R^tes 

5.  /LNDING  NUMBERS 

j 

N00014-91-J-1927 

s  5.  mU  rHC,">. 5 ; 

1  • 
1 

1  Henry  S .  White 

1 

4 

1— 

i  i 

i 

7.  PERFOnMlNG  CRGAiNlZATICN  NAMEiSj  AND  ADDRESS{E3) 

Department  of  Chemistry  ^ 

University  of  Utah 

Salt  Lake  City,  Utah  84112 

a.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

[9.  SPONSORING-  ..iONirCA'NG  ..GENCY  NAMEiS)  AND  ADDRESSitS; 

1  Office  of  Naval  Research  i 

1  10.  SPONSORING/MONITCRING 

AGENCY  REPORT  NUMBER  ' 

j  800  North  Quincy  Street 

Arlington,  VA  22217-5000 

1  R  &  T  Code 

1  413V001  j 

!  ] 

1 

j  DlSTMBUnOrf  StATEMEWT  M  "I 

1  Approved  for  public  rei0aii«l  1 

V .  Ihstrujutica  Unlimited  .1 

12a.  distribution,  AVAILABILITY  STATEMENT 

Unclassified /Unlimited 

^  1  lO 

f^ELECTEi 

^  JUN  3  0  1995  1 

e>a-  ra _ _ _ 

fI 

13.  ABSTRACT  ,'.\f3Ximum  ^lCC  'yvorasj 

3 

Final  Technical  Report 

1 

F 

J 

1 

DU®  QUALITY  INSPECTED  8 


14.  SUBJECT  TERMS 

Electrical  Double  Layer;  microelectrodes,  STM,, 
molecular  films 

15.  NUMBER  OF  PAGES 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 

20.  LIMITATION  OF  ABSTRACT 

NSN  7540-01 


80-5500 


Standard  Form  298  (Rev.  2-89) 


Acceslon  For  j  j 

NTIS 

CRA&I 

DTIC 

TAB 

□ 

Final  Technical  Report 

Contract  N0014-91-J-1927 

UnannoiJ  need 
Justification 

R«&T  Code413v001 

By 

Period:  4/1/91-12/31/93 

Distribution  j 

Henry  S.  White  1 

Availab-id 

y  OuC4':--o 

Department  of  Chemistry 

Dist 

A  V  a !  •  c 

inci  1  or 

University  of  Utah 

Special 

Salt  Lake  City,  UT  84412 

A-l 

Note:  Professor  H.  S.  White  moved  his  research  laboratories  on  April  1,  1993  from  the 
University  of  Minnesota  to  the  University  of  Utah.  The  work  summarized  below  was 
performed  at  both  institutes. 


Brief  Summaries  of  Major  Accomplishments. 

(Detail  descriptions  are  provided  in  published  articles  listed  at  the  end  of  the  report.) 

Fundamental  Investigations  of  Microelectrodes. 

•  The  voltammetric  response  of  microelectrodes  (dimensions  between  10  and  1000 
A)  have  been  simulated  using  Poisson’s  equation  coupled  with  the  Nemst-Planck 
transport  relationships.  The  results  demonstrate  that  a  significant  error  in  the  values 
of  standard  heterogeneous  rates  result  from  using  conventional  electroanalytical 
treatments  that  assume  electroneutrality.  The  results  were  used  to  reanalyze  data 
previously  published  by  other  research  groups. 

•  High  electronic  onductivity  (~1  Amp/cm^)  in  concentrated  organic  solutions  was 
discovered  and  characterized  by  microelectrode  techniques.  A  mechanism  of  this 
unusual  conduction  based  on  homogenous  self-exchange  reactions  was 
developed. 


Scanning  Tunneling  Microscopy  and  Spectroscopy. 

•  Atomically  smooth  adlayers  of  halogen  atoms  (F,  Cl,  Br,  and  I)  have  been 
synthesized  on  Ag(lll)  surfaces.  The  adlayer  stmctures  have  been  determined 
using  scanning  tunneling  microscopy.  Resonant  tunneling  through  individual 
adatoms  has  been  observed  in  tunneling  spectroscopy. 

•  Tip-induced  surface  reconstruction  on  Au(lll)  surfaces  and  dislocation  motion  on 
ordered  pyrolitic  graphite  were  discovered. 


Conducting  Polymer  Fiber  Processing. 

•A  new  hydrodynamic-electrochemical  process  for  synthesizing  electrically  conductive 

polymer  (polypyrrole,  polythiophene)  fibers  was  developed.  Composite 
Kevlar/Zpolypyrrole  fibers  have  also  been  synthesized  which  exhibit  excellent 
mechanical  and  adhesion  properties.  A  patent  for  the  electrochemical  process  and 
the  conductive  fibers  was  issued  in  1995. 
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Theoretical  Description  of  The  Interfacial  Structure  and  Voltammetric  Response  of 
Molecular  Films 

•  A  new  theory  has  been  developed  that  allows  voltammetric  data  of  adsorbed 
monolayers  to  be  quantitatively  analyzed  for  effects  of  the  interfacial  potential 
distribution  on  electron-transfer  rates.  The  theory  is  in  excellent  agreement  with 
experimental  data  and  replaces  previous  heuristic  models.  The  theory  is  now  widely 
accepted  and  employed  by  electrochemists  investigating  redox-active  self- 
assembled  monolayers. 

Breakdown  of  Oxide  Films  on  Titanium  Electrodes. 

•  Scanning  electrochemical  microscopy  has  been  used  to  identify,  a  prior,  precursor 
sites  for  oxide  breakdown  and  pitting  corrosion  on  Ti  foils.  A  direct  correlation 
between  electron-transfer  rates  and  oxide  breakdown  has  been  established. 


Personnel  who  participated  in  research. 


Graduate  students 

Shelly  R.  Snyder 
John  D.  Norton 
Shulong  Li 
Norberto  Casillas 
Christopher  Smith 
Lianrui  Zhang 

Postdoctoral  Associates 

Joachim  Hossick  Schott 

Undergraduates 


Senior  collaborators 

M.  D.  Ward 
H.  T.  Davis 
W.  H.  Smyrl 
W.W.  Gerberich 
M.  Tirrel 
H.  D.  Abruna 
C.  M.  Elliot 


D.  J.  Earl 
H.  J  Kraght 
Donald  Fritz 
S.  Charlebois 


Visiting  Researcher 
M.  Jinno 


Refereed  Publications  (regularly  submitted  as  Agency  Technical  Reports) 

Fundamental  Investigations  of  Microelectrodes. 

1 .  C.  P.  Smith  and  H.  S.  White,  "Theory  of  the  Voltammetric  Response  of  Electrodes 
of  Submission  Dimensions.  Violation  of  Electroneutrality  in  the  Presence  of 
Excess  Supporting  Electrolyte,"  Anal.  Chem.,  65,  3343-53  (1993) 

2.  J.  D.  Norton  and  H.  S.  White,  "Effect  of  Comproportionation  on  the  Voltammetric 
Reduction  of  Methyl  Viologen  in  Low  Ionic  Strength  Solutions,"  J.  Electroanal. 
Chem.  325,  341-50  (1992). 

3.  J.  D.  Norton,  S.  A.  Anderson,  and  H.  S.  White,  "Electron  Conduction  in  Organic 
Solutions,"  J.  Phys.  Chem.,  96,  3-6  (1992). 


Molecular  Simulations. 

4.  L.  Zhang,  H.  S.  White,  and  H.  T.  Davis,  "Simulation  of  Confined  Primitive 
Electrolytes:  Application  of  a  New  Method  of  Summing  the  Coulomb  Field," 
Molecular  Simulations,  9,  247-55  (1992). 

5.  H.  T.  Davis,  H.  S.  White,  and  L.  Zhang,  "Simulations  of  Solvent  Effects  on  Confined 
Electrolytes,"  J.  Chem.  Phys.,  98,  5793-9  (1993). 

6.  L.  2aiang,  H.  S.  White,  and  H.  T.  Davis,  "Structure  and  Thermodynamics  of  the  Soft 
Ion  Model  Electrolyte  Solutions,"  Chem.  Eng.  Comm.,  submitted. 

7.  L.  R.  Zhang,  M.  Jinno,  H.  T.  Davis,  and  H.  S.  White,  "Molecular  Dynamics  and 
Hypemetted  Chain  Equations  Studies  of  Soft  Core  Repulsions  in  Electrolyte 
Solutions,  "Molecular  Simulation”  12,  1-21  (1994). 


Scanning  Tunneling  Microscopy  and  Spectroscopy. 

8.  J.  Hossick  Schott  and  H.  S.  White,  "Resonant  Tunneling  through  Chemisorbed 
Halogen  Atoms  on  Ag(lll),"  J.  Phys.  Chem.,  98,  297-302  (1994). 

9.  J.  Hossick  Schott  and  H.  S.  White,  "Field  Induced  Reconstmctions  During  STM 
Experiments  of  Au(lll)  Surfaces,  Langmuir,  8,  1955-1960  (1992). 

10.  J.  Hossick  Schott,  C.  Arana,  H.  D.  Abruna,  H.  HurreU  Petach,  C.  M.  EUiott,  and  H.  S. 
White,  "Substrate  Induced  Ordering  of  Molecular  Adsorbates  on  Au(lll),"  J. 
Phys.  Chem.,  96,  5222-4  (1992). 

11.  S.  Li,  H.  S  White,  and  M.  D.  Ward,  "Scanning  Tunneling  Microscopy  of  the  Organic 
Semiconductor  [(T|-C5Me5)2Ru(l,4-[22]-cyclophane)][TCNQ]4,"  Chem.  of 
Materials,  4,  1082-1091  (1992). 

12.  J.  Hossick  Schott  and  H.  S.  White,  "Electric  Field  Phenomena  in  STM:  Tip 
Deformations  and  Au(lll)  Surface  Phase  Transitions  During  Tunneling 
Spectroscopy  Experiments,"  Langmuir,  9,  3471-7  (1993). 


13.  S.  R.  Snyder,  W.  W.  Gerberich,  and  H.  S.  White,  "STM  Tip-Induced  Transitions  of 
Dislocation  Network  Strucutures  on  the  Surface  of  Highly  Oriented  Pyrolytic 
Graphite,"  Phys.  Rev.  B.,  47,  10,823-31  (1993). 

14.  J.  Hossick  Schott  and  H.  S.  White,  "Halogen  Adlayers  on  Ag(lll),"  J.  Phys.  Chem., 
98,  291-96  (1994). 

15.  S.  Li,  H.  S  White,  and  M.  D.  Ward,  "Scanning  Tunneling  Microscopy  of  the  Organic 
Conductor  TMTSFX  (X  =  CIO4-  and  Re04-),"  J-  Phys.  Chem.,  96,9014-21 
(1992). 

16.  J.  Hossick  Schott  and  H.  S.  White,  "Halogen  Chemisorption  on  Silver  (111). 
Scamiing  Tunneling  Microscopy  of  Coadsorbed  Halogen  Atoms,"  Langmuir^  10, 
486-91  (1994). 


Conducting  Polymer  Fiber  Processing. 

17.  S.  Li,  C.  W.  Macosko,  and  H.  S.  White,  "Electrochemical  Processing  of  Conducting 
Polymer  Fibers,"  Science,  259,  957-60  (1993). 

18.  S.  Li  and  H.  S.  White,  "Synthesis  of  Conducting  Polymer  Composite  Fibers  in  an 
Electrochemical  Flow  CeU,"  J.  Electrochem.  Soc.,  140,  2473-6  (1993). 

19.  S.  Li,  C.  W.  Macosko,  and  H.  S.  White,  "Electrochemical  Processing  of  Electrically 
Conductive  Polymer  Films,"  Adv.  Materials,  5,  575-6  (1993). 


Theoretical  Description  of  The  Interfacial  Structure  and  Voltammetric  Response  of 
Molecular  Films 

20.  C.  P.  Smith  and  H.  S.  White,  "Theory  of  the  Interfacial  Potential  Distribution  and 
Reversible  Voltammetric  Response  of  Electrodes  Coated  with  Electroactive 
Molecular  Films"  Analytical  Chemistry,  64,  2398-2405  (1992). 

21.  C.  P.  Smith  and  H.  S.  White,  "Voltammetry  of  Molecular  Films  Containing 
Acid/Base  Groups,"  Langmuir,  9, 1-3  (1993). 


Breakdown  of  Oxide  Films  on  Titanium  Electrodes. 

22.  N.  Casillas,  S.  J.  Charlebois,  W.  H.  Smyrl,  and  H.  S.  White,  "Scanning 
Electrochemical  Microscopy  of  Precursor  Sites  for  Pitting  Corrosion  on  Titanium," 
J.  Electrochem.  Soc.,  140,  L142-5  (1993). 

23.  N.  Casillas,  S.  Charlebois,  W.  H.  Smyrl,  and  H.  S.  White,  "Pitting  Corrosion  of 
Titanium,"  J.  Electrochem.  Soc.,  141,  636-42  (1994). 


Miscellaneous  Publications. 


24.  C.  P.  Smith,  D.  C.  Fritz,  M.  V.  Tirrell,  and  H.  S.  White,  "Phase  Measurement 
Interferometric  Microscopy  of  Thin  Films.  Analysis  of  Thickness,  Refractive  Index, 
and  Microtopography  of  Polystyrene  Films,"  Thin  Solid  Filns.  198,  369-386 
(1991). 

25.  D.  J.  Earl,  Harlan  J.  Kragt,  C.  W.  Macosko,  and  H.  S.  White,  "Electrochemical 
Behavior  of  A  Cylindrical  Microelectrode  in  Laminar  Flow  Fields,"  Ind.  and  Chem. 
Res.,  30,  264-67  (1991). 


